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Introduction: The Package for Resource
Observation and in-Situ Prospecting for Exploration,
Commercial  exploitation = and  Transportation
(PROSPECT) is a payload in development by ESA for
use at the lunar surface. Original development was for
implementation on the Russia-led Luna 27 mission, but
this has now shifted to potential flight on a NASA CLPS
lander to the lunar south polar region in late 2026.

Additional flight opportunities for PROSPECT
related hardware are also in development / ready for
flight. These include two implementations of the ion
trap Exospheric Mass Spectrometer (EMS) element, one
on the Astrobotic Peregrine-1 mission (scheduled for
flight early this year) [1], and a second on JAXA’s
LUPEX rover, for flight in the 2025 timeframe.

PROSPECT Overview: PROSPECT will perform
an assessment of the volatile inventory in the near
surface lunar regolith (down to ~ 1 m), and complete
elemental and isotopic analyses to determine the
abundance and origin of any volatiles discovered [2].
PROSPECT also has ISRU capabilities and will aim to
complete in-situ extraction of oxygen (and solar wind
implanted volatiles) from lunar minerals, which will
constitute potential science return from anywhere on the
Moon, regardless of volatile content. PROSPECT is
comprised of the ProSEED drill module and the ProSPA
analytical laboratory plus the Solids Inlet System (SIS),
a carousel of sealable ovens for evolving volatiles from
regolith (Figure 1).

The ProSEED drill is capable of collecting two icy
samples of different sizes and mechanical properties in
a single sampling operation, one of up to 45 mm?® and a
second up to 8 cm?, with the smaller sample delivered
to ProSPA for analyses. The second, larger sample
would potentially be available to other payloads. The
drill rod also has integrated temperature sensors and a
sensor to measure the electrical permittivity of the lunar
soil along the borehole.

The ProSPA laboratory will receive samples from
the drill, seal them in miniaturized ovens, and process
them via ramped (EGA), stepped (isotopic) or single
step (ISRU) heating up to 1000 °C, completing physical
and chemical processing of released volatiles, and
analysing the obtained constituents via Ion Trap or
Magnetic Sector mass spectroscopy.

ProSEED Drill element
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Figure 1: Rendering of PROSPECT on a polar lander,
including the ProSEED drill module, and ProSPA.
ProSPA comprises 1) the Solids Inlet System (SIS), and
2) the Analytical Laboratory (AL).

ProSEED and ProSPA will also each carry small
cameras. The ProSEED Imaging System (IS) has
multispectral capabilities via 6 LEDs, which can
illuminate the surface with wavelengths ranging from
451 to 970nm. This will provide images and video of
the drill working area to monitor activities and deliver
contextual scientific information. ProSPA’s Sample
Camera (SamCam [3]) has its own specific illumination
unit with similar capabilities to the ProSEED IS and will
image the samples before they are sealed in the ovens,
providing information on their morphology, grain size,
volume and mineralogy.

Development status: PROSPECT is currently at the
Critical Design Review (CDR) stage, with most unit
level CDRs and the ProSEED CDR completed last year.
The CDR for the SIS and the ProSPA AL are ongoing,
and the system wide CDR for PROSPECT is expected
later this year.

In parallel to the industrial schedule and reviews, an
associated plan of research activities has been
formulated to gain from and guide ongoing
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development, build strategic scientific knowledge, and
to prepare for operation of the payload. This included
testing of the ProSEED IS Engineering Model by the
Science Team in 2021, measuring the spectral profile of
each of the LEDs, and characterizing the geometric,
radiometric and spectral response of the camera, and
assessing the impact that dust deposition may have on
the camera sensitivity. Some further activities are
described below.

The ProSPA Bench Development Model (BDM). at
the Open University has been tested to demonstrate
science performance against measurement
requirements. This included verification of evolved gas
analysis (EGA) via measurement of meteorite
standards, constraint of oxygen yield via demonstration
of ISRU capabilities [4, 5], and a better understanding
of the performance of oven seal materials [6].

Volatile Preservation: PROSPECT’s scientific
success is strongly dependent upon its ability to
sufficiently preserve the regolith’s volatile content
throughout the sampling-analysis chain for the range of
expected volatile contents, e.g. [7]. Detailed modelling
and experimental work is ongoing to better understand
water sublimation rates in realistic lunar surface
operational environments, regolith structures, and
geometries [8], and to better constrain the potential
effect on measured D/H of sublimation of lunar water
ice (for example, elaborating from [9]). Results from
this work will help ensure that even in a ‘hot operational
case’, the original volatile inventory can be determined
with sufficiently small uncertainties.

Science Activities: a few examples of science
activities being pursued alongside and in support of the
technical development are noted below.

Cleanliness and contamination: A key activity in the
last year has been an assessment of the approach being
used for managing cleanliness and contamination
throughout the instrument development and
implementation, ensuring that contamination will
remain at permissible levels and that science objectives
can be met. Work on the ProSPA BDM fed into this
study, with an improved understanding of sensitivity of
science requirements to regolith volatile abundance and
possible contaminants. As a result, a Contamination
Framework has been developed (Figure 2) to account
for all key vectors that will contribute to contamination,
with simulated performance of the ProSPA Analytical
Laboratory to allow for science level assessments to be
made. This is currently being studied within the science
team, and the objective will be to develop the existing
Framework into a contamination budget within the
coming months.
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Credit: Mortimer et al.
Figure 2: Simulated performance of ProSPA using
Contamination Framework.

Operations planning: Currently, NASA CLPS
missions do not offer lunar night-time survival
capabilities, although there are options being
investigated to change this in future. The lack of
guaranteed night-time survival means a much-reduced
operational lifetime for PROSPECT than was
previously envisaged. The compressed schedule will
mean little or no time for scientific analyses between
operational sequences, and there is considerable effort
currently being put into developing a robust plan to
allow for more automated science level commanding
and operations that will maximise the science return.

CAPTEM sample analysis: In 2020, PROSPECT
Science Team members successfully requested two
samples of lunar regolith (2 g each) from the Apollo
collections (14163 and 69921). The proposed
experiments will investigate loss of water ice through
sublimation and the effects that the bulk properties and
the ice-regolith coupling have on the sublimation
process.

Landing site analyses: PROSPECT’s success is
strongly driven by the landing site, and considerable
effort is being placed into surveying the south polar
region to select some suitable candidates for
PROSPECT. These will be fed into the landing site
selection process for the given NASA CLPS mission
after PROSPECT is officially manifested [10].
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